By the use of the gauge/gravity duality, we calculate the imaginary part of heavy quarkonium potential and thermal width with the effect of gluon condensate which is absent in AdS 5 background.
I. INTRODUCTION
It is well-known that the experiment, RHIC and LHC, has found a new state of matter which is called as quark gluon plasma(QGP) produced by the heavy ion collisions [1, 2] .
Heavy quark anti-quark pair can be regarded as one of probes in the process of quark-gluon plasma(QGP) formation because the disolution of quarkonium implies the occurrence of deconfinement phase transition [3, 4] . We usually use heavy quarkonium potential V QQ to describe the interaction energy between quark and anti-quark. It is found that the potential may be in possession of a imaginary part at non zero temperature, which is closely related to the decouple of heavy quarkonium, and it is believed that the disolution of quarkonium is not because the binding energy disappear but because the reduced binding energy becomes as big as the thermal width which can be calculated by imaginary potential [5] [6] [7] [8] [9] [10] [11] [12] . So far, there are two main mechanisms for quarkonium dissociation or the appearance of imaginary potential, one is from the Landau damping of approximately static fields [5, 13, 14] and the other is its color singlet to color octet thermal break up [15] .
In the past few years, a lot of works about the imaginary part of the heavy quarkonium potential have been done in a weakly coupled theory [16] [17] [18] [19] . However, QCD theory is a strong coupling theory. Gauge/gravity duality [20] [21] [22] [23] , breaking the conformal symmetry at low energy, provides a very important tool to research the properties of hadron physics in a strong coupling systems [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] . So many scholars use holography approach to study imaginary potential by considering various background like taking into account of chemical potential [44] , they observe that the presence of the chemical potential decreases the dissociation length. In addition, many researches show that the process of heavy ion collisions will produce strong magnetic field [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] , so a numbers of passages based on this have been published, such as Ref. [58] , which shows that increasing magnetic field enhances the imaginary potential and decreases thermal width. In Ref. [59] , the energy loss of heavy and light quarks has been calculated in holographic model. Moving case was also taken into account in [60, 61] which draws a conclusion that slowly moving quarkonium are less stable than static case. When we consider a full quantum theory of QCD, a non-zero the trace of the energy-momentum tensor is manifested, since there is an anomaly, implying a nonzero gluon condensate. However, recent lattice calculations based on a QCD sum rule method have shown that the gluon condensate behaves a rapid change around T c [62, 63] . If we ignore shift in the width of the quarknia, this change will result in a reducing heavy quarkonium mass around T c . Therefore, one can find that the gluon condensate is quite sensitive to the deconfinement phase transition of QCD and could be regarded as the signal to study phase transition. A lot of works on gluon dynamics have been investigated in holographic model [31, 38, 39, [64] [65] [66] [67] [68] [69] [70] [71] . Inspired by this, we research the impact of gluon condensate on imaginary potential and thermal width in this work.
The heavy quark anti-quark potential, at finite temperature, can be drawn from the vacuum expectation value in Wilson loop operator [72] [73] [74] . From the standpoint of AdS/CFT correspondence, the value of W (C) in the limit of large N c of strongly coupled 4-dimensional gauge theory is dual to gravity in the 5-dimensional bulk geometry. So we can get the stringy partition function. The stringy partition function in the classical gravity approximation is approximately equal to the exponent of the imaginary number unit i multiplied by the classical string action, which could be regarded as the Nambu-Goto action.
Then, the imaginary part of potential and thermal width can be calculated.
In this paper, we will take saddle point approximation approach to study the effect of the gluon condensate on imaginary part of heavy quark-antiquark potential, which leads to some restrictive conditions. Besides, there is a critical condensate value, where the thermal width will disappear, which implies the dissociation of quarkonium. The rest of this paper is organized as follows. In section II, we briefly review the holographic model with the effect of gluon condensate. In section III, a detailed calculation process for the imaginary part of heavy quarknia potential will be shown. In section IV, the result of the impact of gluon condensate on imaginary potential is displayed. In section V, concluding this paper uses a conclusion and a discuss to the research.
II. THE HOLOGRAPHIC MODEL
To begin with, we briefly review the 5-dimensional gravity background in Minkowski space with a dilaton [75] 
where k is the 5-dimensional gravitational coupling, L is the radius of the asymptotic AdS 5
spacetime. φ is a massless scalar coupled with the gluon operator. By solving the top action, we can get dilaton equation of motion(EOM) and the Einstein equation. The solutions can be solved from EOM with a suitable metric ansatz. One is the dilaton-wall solution [75, 76] ,
where φ 0 is a constant and x = x 1 , x 2 , x 3 are orthogonal spatial boundary coordinates. z denotes the 5th dimension radial coordinate. We assume the asymptotically AdS 5 boundary for gravity dual is at z = 0. The c denotes the value of gluon condensate.
The other metric is the dilaton black hole solution [27, 77] .
where
and the corresponding dilaton profile is
Note that the position of the singularity is determined by
c , where z c is an IR cut-off. One can easily find that the dilaton black hole solution becomes the AdS black hole solution when c = 0, and the solution reduces to the dilaton wall solution with a = 0. In addition, a Hawking-Page transition occurs between the dilaton wall background and the dilaton black hole background at some critical value of a. Therefore, the dilaton wall solution corresponds to confined phase, and the dilaton black hole solution describes deconfined phase. More details can be seen from [64] . Next, we convert z coordinate to r coordinate by
with φ(r) = c f
Parameter a is related to the temperature, a = (πT 4 )/4. The location of horizon r h = a 1 4 . In addition, we set the value of gluon condensate 0 ≤ c ≤ 0.9GeV 4 [65, 66] . We set L = 1 for simplicity in this paper.
III. THE CALCULATION OF IMAGINARY POTENTIAL
In this section, following the form in [9, 61] , we will give a detailed derivation of the imaginary potential in the background metric (9) . Now, we consider a rectangular Wilson loop, whose length of short side is L in the spatial direction and a long side is T along a time direction. Set a dipole located in the direction of short side and the quarks are located
. Then, we use the string worldsheet coordinates
The Nambu-Goto action of the string is
where α ′ is related to 't Hooft coupling as
and g is the determinant of the induced metric given by
where g M N and X U denote the metric and space-time coordinates, respectively.
Substiuting (14) into (9), the induced metric is given by
In the calculation of imaginary potential, we will not consider the impact of dilaton.
Then we can get the lagrangian density
and the prime represents derivative with respect to σ. Noting that the Lagrangian does not depend on σ explicitly. Thus, the Hamiltonian is conserved which leads
where r 0 = r(σ = 0) denotes the deepest point of the U-shape string, thus r 
It follows by the chain rule that
The distance L between the quark and anti-quark pair can be obtained from (21)
Further, we investigate the imaginary potential by considering thermal fluctuations of the string worldsheet [7] . The expression of thermal world sheet fluctuations δr(σ) near the classical configurations r c (σ),
For simplicity, we only consider long wavelength limit thus the string fluctuations are independent functions, i.e., δr ′ (σ) → 0. Then the string partition function can be written as
] into 2N subintervals, one can find
where △σ = L 2N
and j = −N, −N + 1, ..., N − 1, N,
In our approach, the classical configurations r c (σ) can only be expanded around σ = 0 and we only consider thermal fluctuation near the deepest point of the string. Here we keep only terms up to second order in σ j . With r
In addition, the expansion for U(r(σ j )), keeping only terms up to quadratic order in the
Because r ′2 (σ j ) has included σ 2 j , we consider only the zeroth order term in the expansion of U(r). Substituting (28) and (29) into (27), we can obtain
where we have
For the jth interval, δr(σ) ∈ [δr(σ j ) min , δr(σ j ) max ], there is C 1 σ 2 j + C 2 < 0. The total contribution for all σ j is j L j . Lagrangian has a stationary point when
and assumes an extremal value and happens for
According to the definition of imaginary potential, requiring that σ j < |σ c |
The σ c is real, which gives the limit of the maximum of r 0 in the calculation of imaginary potential. We define the limit of the minimum of r 0 by LT max . Thus, we can get the formula of the imaginary potential
For the sake of estimating thermal width, next, we will use a first-order non-relativistic expansion to estimate the thermal width,
is the ground-state wave function of a particle which has a Coulomb-like potential, V (L) = −K/L, and the Bohr radius a 0 = 2/(m Q K). Here, the parameter a 0 is related to heavy quark mass m Q . Then, the thermal width is given by
where ω = LT . A upper and lower bound need be given for this integral. A upper limit can be easily obtained by the maxima of LT , while a lower bound can be derived by this condition σ ≥ 0. So the range of this integral is LT min ≤ ω ≤ LT max .
IV. THE EFFECT OF GLUON CONDENSATE ON IMAGINARY POTENTIAL
In this section, we will investigate the effect of gluon condensate on inter-distance, imaginary potential and thermal width of heavy quarkonium. LT versus rh/r 0 for different values of c is shown in Fig. 1 . One can find clearly that increasing c leads to decreasing LT max .
Namely, the increase of gluon condensate reduces the maximum inter-distance, which leads to a easier dissociation of heavy quarkonium. In Fig. 2 , we draw ImV /( is the maximum value during the whole valid range of rh/r 0 . In addition, increasing gluon condensate causes the imaginary potential to start from smaller distance and have a larger absolute value. It indicates gluon condensate makes the suppression of heavy quarkonium stronger.
In the following, we calculate the thermal width from the imaginary potential. There are two kinds of way to evaluate the thermal width [8, 9, 67] . One approach, named "exact" approach, is only to take the integral range of imaginary potential from LT min to LT max .
Another approximate approach is to use a straight-line fitting for ImV and the integral range will be from LT min to infinite when evaluating the thermal width. As discussed in these papers, the conservative approach gives a lower bound for the thermal width while the approximate approach will considerablely overestimates the thermal width. It is clearly shown in Fig. 3 .
Another point we need to be cautious is the consistence of results calculated in two approaches. Since we find the nontrival behavior of thermal width for increasing rapidities, it's hard to determine the real behavior of thermal width. More concretely, the thermal width calculated by conservative approach is decreasing while the thermal width calculated by approximate approach is increasing both for increasing rapidity [67] .
For security, we use both approaches to evaluate thermal width as shown in Fig. 4 and in both two approaches, Namely, increasing gluon condensate leads to a weaker bound for QQ pair. This conclusion is consistent with Ref. [65] , in which they investigated the gluon condensate on real potential.
In Fig. 6 , we plot the thermal width as a function of the gluon condensate. It is found that there is a critical value c 0 below which the thermal width will disappear. It can be inferred the critical value of condensate indicates the dissociation of quarkonium. Since, the high temperature leads to a dramatically decreasing of gluon condensate, that is to say, small condensate means very high temperature. But the relationship between temperature and gluon condensate is not obvious in this metric.
In this work, there are a lot of constraints but the most important constraint is small thermal fluctuations for the saddle point approximation. In addition, there is a constrain imposed by physics itself, existing a threshold c 0 for fixed temperature, in which the imaginary potential will disappear, equivalently, thermal width will disappear. In some sense, it may indicate the dissociation of quarkonium.
V. CONCLUSION AND DISCUSS
In this paper, we have used the string worldsheet fluctuation approach around the deepest point of the string to study the effect of gluon condensate on imaginary potential of heavy quarkonium in strongly coupled quark gluon plasma by using the AdS/CF T correspondence.
We have obtained a general formula to calculate imaginary potential and thermal width, as shown in (36) and (39) . A accurate regime of this methods has also been given, LT min ≤ ω ≤ LT max , where LT min is determined by σ c which is a real, and LT max corresponds to the maximum of LT . The thermal width is calculated by a ground-state wave function of a particle in a Coulomb-like potential and the Bohr radius is taken as one half mass of ground-state particle.
One can find that the decrease of gluon condensate enlarges the inter-distances and makes the onset of the imaginary potential happen for larger LT which means that the suppression becomes weaker. In addition, the dropping gluon condensate reduces the absolute value of imaginary potential.
Since two different approaches of evaluating thermal width give two opposite behavior in non-vanishing rapidity, for security, we compute the thermal width with these two approaches in non-vanishing gluon condensate and find the consistence of the two approaches.
Thus, we can conclude that increasing the value of gluon condensate leads to increasing thermal width. Namely, the dropping gluon condensate makes heavy quarkonium have a stronger bound for fixed tempareture. This conclusion is in agreement with Ref. [65] , in which they investigate the effect of gluon condensate on real potential. We also find there is a critical value of gluon condensate below which the thermal width will no longer exist.
We presume it relates to the dissociation of quarkonium.
The drawback of this model is that the value of gluon condensate don't have a direct connection with temperature. In some sense, the condensation is piecewise constant function, which allows us to consider the effect of gluon condensate and temperature on thermal width separately [64] . But the a real situation requires us to examine the back reaction of gluon condensate and temperature in a more realistic holographic model. We will report this problem in future work.
